In Relational Algebra, the operator Division (÷) is an intuitive tool used to write queries with the concept of "for all", and thus, it is constantly required in real applications.
INTRODUCTION
The Division (÷) has an important role in the Relational Algebra [3] because it is the simplest and most intuitive way to represent queries with the idea of "for all", besides being the only algebraic operator that directly corresponds to the Universal Quantification (∀) from the Relational Calculus [3] . As a consequence, the division is required in queries that are commonly performed by real applications, such as:
Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. Let us use the last of these examples to describe the division. For instance consider the Division operation in Table  1 . The query refers to a problem of "candidate elements and requirements" aimed at identifying animals well-evaluated for breeding. In this example, the data describe Single Nucleotide Polymorphism (SNP) [5] , representing the variations in a DNA sequence among individuals. In the example schema 1 , the individuals are represented by the attribute ID. Table 1a represents three individuals to be considered for selective breeding. Each individual has several tuples representing its SNPs, attributes Allele 1 and Allele 2 with the corresponding Position along the chromosome. The genetic conditions desired for each individual are in Table 1b . The resulting relation in Table 1c has the individuals that attend all requirements, in this case only the individual with ID=1.
Observe that the Relational Division is very useful to express complex queries with a single operator. However, in the previous example about selecting individuals, the division operator cannot properly answer the query if we need to compare the data following a criteria of similarity instead of identity. A much more realistic use for this dataset is to compare the position of the alleles along the chromosome by similarity, using a distance function. Thus, we could set a threshold of distance to consider if a SNP is similar to another without having exactly the same position. Actually, this approach is common in genetic analysis [2] because several polymorphisms with the same behavior are likely to appear near along the chromosome. Also, we could analyze just the zygosity of the SNPs, that is, if both alleles are the same, then they are homozygous, otherwise they are classified as heterozygous. It is also possible do define a function to measure this kind of similarity and use it to validate the desired genetic conditions without modifying the dataset.
Many researchers have been proposing strategies to support similarity comparison in Relational Database Management Systems, commonly by means of extending operators of the Relational Algebra. Examples are: Join [4] , Selection, Grouping and Aggregation [6] , Union [1] . However, to the best of our knowledge, no one focuses on the Division. This paper tackles the problem by introducing the new Similarity-aware Division (÷) database operator. 
SIMILARIY-AWARE DIVISION
To develop a similarity-aware operation of division one must extend the intrinsic comparisons of attribute values. For that, we should relax the validation of the requirements by considering as valid candidates with attribute values that are similar to the requirements values. Note that this approach allows a single tuple of the dividend Individuals to validate two or more requirements. The genetic conditions comparisons must spot the animals in Individuals that have at least one SNP similar to each SNP of the divisor Desired Genetic Conditions. For example, if we define a similarity criterium where the pair Allele1 and Allele2 are distinguished between homozygous when they are different from each other, and heterozygous when they have the same values. And, also considering that SNP positions between a 1 radius of distance (threshold distance) of each other are similar. Thus, for example, the following SNPs {84.5, 1, 2} and {84.0, 2, 1} are similar to each other, since |84.0 − 84.5| ≤ 1 and Alleles {1, 2} and {2, 1} are both heterozygous. For example, if we use a similarity threshold 1 for the position and consider the zygosity-based similarity, the query on Table 1 would also select the individual with ID = 3, since its second and third SNPs would match with the first and the second desired genetic conditions respectively.
Case Study on Selective Breeding
We performed a case study in which the similarity-aware division is used to select animals that have predefined genetic conditions, represented by SNPs. The dataset used was obtained through the QTL-MAS Workshop 2 public data, in which a cattle population has been simulated. It is a wellknown dataset commonly used in the community of genetic analysis that contains 10,000 SNP genotypes for 4,100 individuals, leading to a dividend relation with more than 40 million tuples -considering the schema presented in Table 1. The dataset also provides the True Breeding Value for each individual, i.e., a ranking of animals according to its "quality", that we used as ground truth to evaluate the results of our queries, which is the individual's ability to develop the desired production traits due its genetic conditions, in this case referring to milk production. This ability of each individual is given by the SNPs that are part of its genome. However, just very few SNPs are directly related to the development of some valuable trait. It is important to note that due the linkage disequilibrium [5] , these influences are not restricted at exactly the same SNP in each animal, 2 http://qtl-mas-2012.kassiopeagroup.com/ but also in a certain region near of it, forcing genetic specialists to deal with similarity comparisons. Thus, we perform several queries using the proposed similarity-aware division to select animals given a set of SNPs that are desired for selective breeding, considering a similarity criteria.
The results showed that it is possible to identify animals, very well-evaluated for breeding, which are not identical in all its genetic conditions, nevertheless, they share similar regions of SNPs that are responsible for the development of the desired trait. For that, we selected the animal with the best true breeding value and used its SPNs as the desired genetic conditions (divisor). For the experiments we used a deviation of 0.1 mega base pairs (Mb) as the threshold of distance, which is equivalent to a radius of two SNPs and the zygosity of the alleles as the criteria of similarity for the genetic data. The similarity-aware division operation was able to select animals that doesn't have parent-child relationship to the ideal animal in any degree, and yet they are almost as good as it is. In comparison, the traditional relational division did not retrieve any of them using the same query, but with identity criteria.
